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(57) ABSTRACT 

An intermediate base supports a semiconductor module on 
a printed circuit board. The intermediate base has an upper 
face on Which the semiconductor component is directly 
mounted With its component connecting elements facing the 
upper face. The base has through-holes Which are incorpo 
rated from a loWer face of the base body so that the 
component conducting elements of the semiconductor com 
ponent are exposed. The through-holes are then at least 
partially coated With a metal layer, Which also contacts the 
exposed portions of the component connecting elements. 
Each of the through-holes has at least a partially annular 
notch, so that each through-hole extends through a recessed 
stud, Which is used to form an external connection for the 
module onto the printed circuit board. 

19 Claims, 2 Drawing Sheets 
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INTERMEDIATE BASE FOR A 
SEMICONDUCTOR MODULE AND A 

SEMICONDUCTOR MODULE USING THE 
INTERMEDIATE BASE 

BACKGROUND OF THE INVENTION 

The present invention relates to an intermediate base for 
a module having at least one semiconductor component. The 
base comprises a ?at base body having an upper face on 
Which internal connections are formed for connection to 
connecting elements of the semiconductor component, a 
loWer face, Which is provided With external connections for 
making contact With a circuit base, carrier or board and 
through-holes extending betWeen the upper face and the 
loWer face, Whose Walls are at least partially metalliZed to 
make connections betWeen the internal connections on the 
upper face and the corresponding external connections on 
the loWer face. The invention also relates to the semicon 
ductor module produced using this intermediate base and to 
the method for producing the intermediate base. 

The increasing miniaturiZation of integrated circuits has 
led to the problem that an even greater number of electrical 
connections need to be accommodated in a very con?ned 
space betWeen the actual semiconductor and the circuit 
carrier or base, that is to say the printed circuit board. 
HoWever, the ?ner the structures of the semiconductor chip 
and of the connecting conductors, the greater is the extent to 
Which they are at risk from different expansion levels of the 
materials involved, in particular the semiconductor body and 
the printed circuit board, Which is composed of plastic. 

The intermediate base or interposer plays a great role in 
making contact With a semiconductor chip. It alloWs one or 
more chips to be connected to form a module, With Which 
contact is then made on the circuit carrier or board. 

In the case of What is referred to as a BGA (Ball Grid 
Array) technology, an intermediate base is provided over the 
area of its loWer face With solder studs, Which alloW surface 
mounting on a printed circuit board. The solder studs are, in 
this case, ?rst used as electrical connections and secondly 
are used as spacers to compensate for expansion betWeen the 
different materials of the intermediate base and printed 
circuit board. The conductor chip can be mounted on the 
upper face of the intermediate base, and contact can be made 
With it, for example, by means of bonding Wires. Flip chip 
mounting is also knoWn, in Which the connections of the 
unhoused semiconductor are directly connected to conduc 
tor tracks on the upper face of the intermediate base. In order 
to provide expansion compensation betWeen the semicon 
ductor body and the intermediate base in this case, under 
?lling is generally required for the semiconductor, Which 
involves the necessity for additional, complicated and 
expensive processing steps, Which also do not alloW subse 
quent repair. 

In the case of What is referred to as PSGA (Polymer Stud 
Grid Array) technology, the injection-molded, three 
dimensional substrate composed of an electrically insulating 
polymer is used as the intermediate base, on Whose loWer 
face polymer studs are arranged over the surface, Which are 
integrally formed during the injection molding process. 
Examples of this are shoWn in US. Pat. Nos. 5,929,516 and 
6,249,048, Whose disclosures are incorporated herein by 
reference thereto, and by the corresponding European Patent 
EP 0 782 765. These polymer studs are provided With an end 
surface Which can be soldered and form external connec 
tions Which are connected via integrated conductor runs to 
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2 
internal connections for the semiconductor component 
Which is arranged on the substrate. The polymer studs are 
used as spacers for the module from a printed circuit board 
and are, thus, able to compensate for different expansion 
levels betWeen the printed circuit board and the intermediate 
base. Contact can be made With the semiconductor compo 
nent on the upper face of the intermediate base via bonding 
Wires; hoWever, a form of contact making is also feasible in 
Which the different thermal coefficients of expansion are 
compensated for in an analogous manner via polymer studs 
on the upper face of the intermediate base. 

In addition, a single-chip module is knoW from US. Pat. 
No. 5,069,626, Whose disclosure is incorporated herein by 
reference thereto, and from WO 89/00346. As disclosed by 
these references the injection-molded three-dimensional 
substrate composed of an electrically insulating polymer has 
integrally formed polymer studs on the loWer face Which are 
arranged in one roW or in a number of roWs along the 
circumference of the substrate. One chip is arranged on the 
upper face of the substrate and contact is made With it via 
?ne bonding Wires and conductor tracks, Which are then, 
themselves, connected via plated through-holes to the exter 
nal connections formed on the loWer-face studs. In this 
embodiment, the intermediate base has a relatively large 
extent. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide an 
intermediate base for a semiconductor module, a production 
method for forming the intermediate base and a module in 
Which contact can be made directly With the semiconductor 
component Without any under?lling on the intermediate base 
and contact can be made With the intermediate base on the 
circuit carrier or base Without any additional measures, and 
in Which the different coef?cients of expansion of the 
materials that are used do not have any apparent disadvan 
tageous effect. In this case, the semiconductor component 
together With the intermediate base are intended to produce 
a module With a very compact physical form. 

According to the invention, the ?rst part of the object is 
achieved by an intermediate base for a module having at 
least one semiconductor component. The base comprises a 
?at base body having an upper face on Which internal 
connections are formed for connection to component con 
necting elements of a semiconductor component, a loWer 
face, Which is provided With external connections for mak 
ing contact With a circuit carrier, and through-holes betWeen 
the upper face and the loWer face, Whose Walls are at least 
partially metalliZed, and each makes a conductive connec 
tion betWeen a contact point on the upper face and a 
corresponding external connection on the loWer face, With 
the Walls of the through-holes being at least partially 
exposed in the region of the loWer face of the base body by 
means of annular notches or grooves, Which are incorporated 
adjacent to a circumferential edge of the through-hole and 
form a freestanding stud as the external connection. 

The production of the stud by means of notches or 
grooves on the loWer face of the intermediate base, as 
provided according to the invention, results in them being 
arranged recessed in the loWer face surface and not 
projecting, or only their metalliZed layers project beyond the 
surface. Nevertheless, the studs are able to absorb and to 
compensate for temperature-dependent different expansion 
levels of the intermediate base, on the one hand, and on the 
circuit carrier or board, on the other hand. Contact is made 
via a short route through the metalliZed holes Which run 
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Within the polymer stud to the upper face of the intermediate 
base, Where the semiconductor component or else a number 
of semiconductor components is/are arranged, and contact is 
made With the internal connections. 

The through-holes are preferably formed concentrically 
Within the studs, so that the latter has a tubular or chimney 
like con?guration. HoWever, an eccentric arrangement 
betWeen the through-holes and the stud is also feasible, so 
that the latter approximately has the form of a tubular 
segment. 

Aparticularly compact construction can be achieved if the 
intermediate base according to the invention is formed by a 
?lm composed of a plastic material, Whose coef?cient of 
expansion is approximately the same as that of the semi 
conductor component, Which is generally silicon. In this 
case, the semiconductor component can be placed With its 
component connecting elements directly onto the internal 
connections on the upper face of the through-holes and can 
make contact thereWith. This means that no connecting 
conductors Whatsoever in the form of bonding Wires or 
conductor tracks are required on the upper face of the 
intermediate base. Compensation for different thermal coef 
?cients of expansion is then essentially required only 
betWeen the intermediate base and the circuit carrier or 
board, and this compensation is provided via the polymer 
studs, Which are provided according to the invention in the 
loWer face area of the intermediate base. 

A ?lm composed of LCP (Liquid Crystal Polymer) or a 
material With similar thermal expansion characteristics is 
highly suitable for use as a material for the intermediate 
base. This material is described, for example, in an article in 
Advancing Microelectronics, July/August 1998, pages 
15—18. 

In a more preferred re?nement, the external connecting 
elements are formed by a metal layer on the outer rim of the 
studs, Which is in the form of a continuation of the metal 
liZation of the through-hole. This can be provided With an 
additional solder layer and the through-holes in the interior 
of the studs can also be ?lled With solder material. 

In one particularly advantageous re?nement of the 
invention, the internal connections are each only in the form 
of a continuation of the metalliZation of the inner Walls of 
the through-hole, and this continuation covers the upper face 
opening of the respective through-hole. In this case, the 
metalliZation layer Which forms the internal connection is 
applied directly to the component connecting elements of 
the already-?tted semiconductor component through the 
through-holes from the loWer face of the intermediate base. 

The method according to the present invention for pro 
ducing a connecting base of at least one semiconductor 
component comprises the steps of the connecting side of the 
semiconductor component is ?xed on an upper surface of a 
?at base body so that its component connections rest on the 
upper face of the base body, through-holes are drilled 
through the base body from the loWer face as far as the upper 
face in order to expose the component connecting elements 
of the semiconductor component, the inner Walls of the 
through-holes and the exposed contact surfaces of the semi 
conductor component are coated With a metal layer at the 
same time as at least part of the loWer face of the base body, 
and the rim of the holes on the loWer face of the base body 
is at least partially exposed by means of a circumferential 
notch. 

The annular notches for exposing the hole rims are 
preferably produced in the same Way as the holes for the 
through-holes, by means of a laser processing. In this case, 
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4 
further laser structuring for a conductor track structure can 
be carried out at the same time on the loWer face of the base 
body. During this processing step, those metal surfaces 
Which are not required are removed and the remaining metal 
surfaces may be provided With an additional metal layer. In 
order to produce a greater thickness, additional solder layers, 
such as tin-lead, can be applied to these metal structures for 
soldering, so that there is no need for a process of paste 
printing. 

HoWever, a someWhat different method sequence is also 
feasible in Which the studs on the loWer face of the base body 
are produced even before the connection to the semicon 
ductor component. In this case, the studs can be produced 
both by laser structuring and by stamping on the loWer face 
of the base body. In this case, the semiconductor component 
Would be ?tted onto the base body provided With the studs, 
and the drilling of the through-holes Would then be carried 
out from the loWer face through the already preformed studs 
to the upper face of the base body, folloWed by a subsequent 
metalliZation. 

Other advantages and features of the invention Will be 
readily apparent from the folloWing description of the pre 
ferred embodiments, the draWings and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1—4 are cross-sectional vieWs shoWing individual 
steps of producing the intermediate base With a semicon 
ductor component, With FIG. 1 being a cross-sectional vieW 
after the component is connected on the base; FIG. 2 being 
a cross-sectional vieW shoWing the arrangement after form 
ing the through-holes; FIG. 3 being a cross-sectional vieW of 
the arrangement after applying the metalliZing layer; and 
FIG. 4 being a cross-sectional vieW of the arrangement after 
forming the notches; 

FIG. 5 is a perspective vieW With portions broken aWay 
for purposes of illustration of a cutaWay intermediate base; 
and 

FIG. 6 is a cross-sectional vieW shoWing a mounting of 
the semiconductor module according to the present inven 
tion on a printed circuit board. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The principles of the present invention are particularly 
useful When incorporated in an intermediate base, generally 
indicated at 1 in FIG. 6, Which supports a semiconductor 
component, such as a chip 2, on a printed circuit board 4. 

To produce the intermediate base 1, a base body 10, Which 
is formed from a LCP ?lm With a similarly loW coef?cient 
of expansion to that of the semiconductor component is 
utiliZed. As is knoWn, the thermal coef?cient of expansion of 
LCP is similar to that of silicon, so that such a base body can 
be connected directly to the semiconductor Without any risk 
of different expansion When subjected to thermal loads. As 
shoWn in FIG. 1, the base body 10 is connected via an 
intermediate adhesive layer 3 to a semiconductor chip 2, 
Whose component connecting elements are in the form of 
metal pads 21 that face the base body 10. The adhesive layer 
3 may have a thickness of 25 pm to 50 pm, for example, 
While the LCP ?lm Which forms the base body 10 may, for 
example, have a thickness of 100 pm to 200 pm. It is also 
feasible to use a multilayer ?lm for the base 10 and a 
conductor track structure can also be provided betWeen the 
layers of the base 10. 

In a second processing step shoWn in FIG. 2, through 
holes 11 are drilled from the loWer face 10a of the base body 
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to the upper face of the base body 10, to be precise, so that 
they each meet one of the ?at component connecting ele 
ments 21. These connecting elements 21 are thus exposed. 
The drilling process is carried out using a laser drilling 
method With the laser beam being set so that the component 
connecting element 21 is not removed. 

After forming the through-holes 11, the inner Walls of the 
through-holes 11 are provided entirely or at least partially 
With a metal layer 12, and this metal layer is also deposited 
on the exposed component connecting element 21 Without 
any discontinuity. The semiconductor chip 2 thus makes 
direct contact With the intermediate base. The application of 
the metalliZation 12 also alloWs the other areas of the loWer 
face 10a of the base body 10 to be entirely or partially 
covered With a metal layer. 

As illustrated in FIG. 4, annular notches or grooves 14 are 
noW incorporated around each of the through-holes 11, 
Which produce chimney-like studs 15, Which are arranged 
recessed in the base body 10, so that they do not project 
beyond the loWer face 10a. The rims of the studs are already 
covered With the metal layer 12, as a result of the previous 
metalliZation process, and can thus be used directly as 
external connections for making contact on a printed circuit 
board. The depth of the notches 14 is governed by the 
required thermal load capacity, since these studs 15 can noW 
absorb and compensate for the loads that occur in the event 
of different thermal expansion of the intermediate base 1 
With the semiconductor chip 2 seated on it and With the 
printed circuit board. 

The notches 14 are ideally arranged concentrically With 
respect to the through-holes 11, so that the studs 15 have a 
symmetrically tubular shape. HoWever, it is also feasible, for 
speci?c reasons or as a result of dimensional discrepancies, 
for a notch 16 (FIG. 4) to be located eccentrically With 
respect to the corresponding through-hole 11, thus resulting 
in a stud 17 Which is cut on one side, in the form of an 
annular segment (see FIGS. 4 and 5). 
At the same time that the notches 14 are incorporated, a 

desired conducting structure can also be produced on the 
loWer face of the base body 10 by laser processing during the 
same processing step. In this case, the metal surfaces Which 
are not required can be removed and the remaining metal 
surfaces can be provided With an additional metal coating. 
Solder materials can be applied to the rims of the studs, 
Which are used as external contacts 18, in order, in particular, 
to achieve a greater metal thickness. 

As illustrated in FIG. 6, the invention makes contact With 
an intermediate base 1 and a semiconductor chip 2 on a 
printed circuit board 4, With the external contacts 18 each 
being reinforced by a solder layer 19 composed of tin-lead. 
FIG. 6 also shoWs that the tin-lead alloy 19 may ?ll one of 
the through-holes 11. 

Although various minor modi?cations may be suggested 
by those versed in the art, it should be understood that I Wish 
to embody Within the scope of the patent granted hereon all 
such modi?cations as reasonably and properly come Within 
the scope of my contribution to the art. 

I claim: 
1. An intermediate base for a module having at least one 

semiconductor component, said base comprising a ?at base 
body having an upper face on Which internal connections are 
formed for connection to connecting elements of a semi 
conductor component, a loWer face Which is provided With 
external connections for making contact With a circuit 
carrier, said base body being a ?lm composed of plastic 
material Whose coef?cient of expansion is approximately the 
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6 
same as the coef?cient of expansion of the semiconductor 
component and having through-holes betWeen the upper 
face and the loWer face, said through-holes having Walls of 
said plastic material being at least partially metalliZed to 
make a conductive connection betWeen each internal con 
nection on the upper face and a corresponding external 
connection on the loWer face, the Walls of the through-holes 
being at least partially exposed in the region of the loWer 
face of the base body by means of annular notches Which are 
incorporated adjacent to a circumferential edge of the 
through-holes to form freestanding studs as external 
connections, said studs having an outer rim in the plane of 
the loWer face. 

2. The intermediate base according to claim 1, Wherein 
annular notches are concentric to form tubular studs. 

3. The intermediate base according to claim 1, Wherein at 
least one of the notches is eccentric so that the stud asso 
ciated thereWith is approximately in the form of a tubular 
segment. 

4. The intermediate base according to claim 1, Wherein the 
?lm is composed of liquid crystal polymer. 

5. The intermediate base according to claim 1, Wherein the 
external connections are in the form of metal layers on the 
outer rim of the studs. 

6. The intermediate base according to claim 5, Wherein the 
external connecting elements have an additional solder 
layer. 

7. The intermediate base according to claim 5, Wherein the 
through-holes are at least partially ?lled With a solder 
material. 

8. The intermediate base according to claim 1, Wherein the 
internal connection is a portion of a metal layer of the 
metalliZed through-hole. 

9. A semiconductor module comprising a semiconductor 
chip and an intermediate base, said intermediate base having 
a ?at base body of a plastic material having an upper face on 
Which internal connections are formed for connection to 
connecting elements of the semiconductor chip, the semi 
conductor chip being secured on the upper face With the 
connecting elements directly engaging the internal 
connections, said ?at base body having a loWer face Which 
is provided With external connections for making contact 
With a circuit carrier, and through-holes extending betWeen 
the upper face and the loWer face, each of said through-holes 
having a Wall of the plastic material Which Wall is at least 
partially metalliZed for making a conductive connection 
betWeen an internal connection on the upper face and a 
corresponding external connection on the loWer face, the 
Wall of each of the through-holes being at least partially 
exposed in the region of the loWer face of the base body by 
means of annular notches Which are incorporated adjacent a 
circumferential edge of the through-hole to form a freestand 
ing stud as an external connection. 

10. The semiconductor module according to claim 9, 
Wherein the semiconductor chip is secured on the upper face 
by a thin layer of adhesive material. 

11. Asemiconductor module comprising a semiconductor 
component and an intermediate base, said intermediate base 
having a ?at base body in the form of a ?lm composed of a 
plastic material having a coef?cient of expansion approxi 
mately the same as a coefficient expansion of the semicon 
ductor component, said base body having an upper face on 
Which internal connections are formed for connection to 
connecting elements of the semiconductor component, the 
semiconductor component being connected directly With the 
upper face of the base body so that the connecting elements 
rest directly on the internal connections, said ?at base body 
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having a lower face Which is provided With external con 
nections for making contact With a circuit carrier, said base 
body having through-holes extending in each case directly 
betWeen one of the internal connections on the upper face 
and an external connection on the loWer face, each of said 
through-holes having a Wall Which is at least partially 
rnetalliZed for making a conductive connection betWeen an 
internal connection on the upper face and a corresponding 
external connection on the loWer face and the Wall of each 
of the through-holes being at least partially exposed in the 
region of the loWer face of the base body by means of 
annular notches Which are incorporated adjacent a circurn 
ferential edge of the through-hole to form a free-standing 
stud as the external connection. 

12. The semiconductor rnodule according to claim 11, 
Wherein the base body is connected to the semiconductor 
cornponent via an adhesive layer. 

13. The semiconductor rnodule according to claim 11, 
Wherein the annular notches are concentric to form tubular 
studs. 

14. The semiconductor rnodule according to claim 11, 
Wherein at least one of the notches is eccentric so that the 
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stud associated thereWith is approximately in the form of a 
tubular segment. 

15. The semiconductor rnodule according to claim 11, 
Wherein the ?lm is composed of a liquid crystal polyrner. 

16. The semiconductor rnodule according to claim 11, 
Wherein the external connections are in the form of metal 
layers on an outer rim of the studs. 

17. The semiconductor rnodule according to claim 16, 
Wherein the external connections have an additional solder 
layer. 

18. The semiconductor rnodule according to claim 11, 
Wherein the through-holes are at least partially ?lled With a 
solder material. 

19. The semiconductor rnodule according to claim 11, 
Wherein the connecting elements of the semiconductor corn 
ponent are metal pads Which are contacted by the internal 
connection, Which is a metal ?lm layer of the rnetalliZed 
through-hole. 


